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Static and impact tests were conducted on an Aluminum alloy 
2014-T6 specimen. The purpose of this research was to determine 
the effects of an impact load on some of the mechanical properties of 
aluminum·. 
The cross section of the specimen measured 4. 438 in. by 3. 850 in. 
and it was 12 in. long. It was equipped with a total of four electric 
resistance gages connected in two pairs. One pair measured 
longitudinal strain while the other measured transverse strain. 
Both gages in each pair were mounted on the opposite sides to cancel 
the bending effect. 
In the static tests, load was applied with a 300, 000 lb. hydraulic 
testing machine. The longitudinal and transverse strains were read 
off a Budd strain indicator and recorded against the load. 
The specimen was then placed in a load frame with a load cell 
underneath the specimen and a floating head sitting flush on the top. 
A 2 in. diameter hardened steel ball was welded on the floating head. 
The ball served as a striking surface for a 107 lb. hammer dropping 
from a known height. The hammer was guided by two wires, tensioned 
vertically. An impact load was produced as the hammer, falling 
freely, struck the floating head of the load frame which contained the 
specimen. The load was transmitted to the specimen and then to the 
load cell. 
iii 
The longitudinal and transverse strain signals produced due to 
the ilnpact were amplified and channeled to an oscilloscope screen 
where they were photographed by a Poloroid Land camera. The signal 
from the load cell was recorded on an oscillograph. Instead of using 
the oscilloscope and Polaroid Land camera to record the signals, 
attempts were made to record these signals on an audio-type magnetic 
recorder. The attempts failed because the recorders were not 
designed to record these types of signals. 
From the recorded and the calculated data following plots were 
made; Stress-strain, Transverse strain vs. Longitudinal strain, and 
Load vs. Height of drop. 
The conclusions were that value for modulus of elasticity of 
alun1inum under impact does not change considerably while the value 
for Poisson's ratio increases a great deal. Also, second-degree 
relation between load and drop of height gives very good approxi-
mations for predicting an impact load when hammer drops from a 
known height. 
These results are not intended for projection to conditions other 
than those named in these tests, although general trends appear to be 
established in these tests results. 
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I. INTRODUCTION 
A. General 
In the present age of high speed technology, a designer uses 
mechanical properties determined under static conditions and then 
applies a high factor of safety and hopes that the structure ·,vill not 
fail. But among the research engineers there is a different trend. 
They have realized the importance of finding mechanical properties 
of engineering materials subjected to high speed of loading and 
making their findings available to other engineers so that they can 
design the structures more economically and more efficiently. 
Among the important properties of any engineering materials 
are modulus of elasticity and Poisson 1 s ratio. Reviewing the 
literature that is available· in the field of high speed loading and 
impact loading, the author has discovered that there is considerable 
work done on the subject of wave propagation and other behaviors. 
But, so far, the author has found very little information pertaining 
to Poisson 1 s ratio for any metal under impact loading. There is 
(l) 
some work done by Cowell on concrete in determining Poisson's 
ratio under impact. Although it was discovered during this 
investigation (I) that there is no definite pattern, indications were 
that Poisson's ratio increases at higher rates of loading. Since 
this phenomenon is observed in concrete, it is possible that similar 
phenomena may occur in metals. 
1 
Under the same investigation (I) it was indicated that modulus of 
elasticity increases 11 from its static value, when subjected to high 
loading rates. Under another investigation by Atchley (2) the same 
behavior was observed. Still another investigation by Turnbow (3) 
concluded, with some reservations, that modulus of elasticity of 
both copper and aluminum appears to decrease with an increase in 
strain rate. 
2 
There is an increasing demand for better understanding of 
behavior of metals under impulsive loads. Therefore, this research 
was directed toward finding effects of an impact on the mechanical 
properties such as modulus of elasticity and Poisson 1 s ratio of an 
engineering material like aluminum. 
B. Objectives 
The objectives of this research are as follows: 
1) To determine any variations in the mechanical properties 1 such 
as Modulus of Elasticity and Po is son 1 s ratio, under impulsive loading 
from their static values. 
2) To find out the possibility of using an audio-direct recording-
tape recorder to record transient strain signals obtained under 
impulsive loading. 
3 
C. Review of Literature 
l. The Mechanical Properties of Materials 
Through centuries the effect of impact loading has been known to 
the engineer and he has made wise use of it. However, during the 
last few decades, an imposing array of scientific minds has con-
tributed to the analytical and experimental investigations in the 
field of impact. 
Galilee., Newton, Marci, Huygens, Bernoulli, Navier, Poisson, 
Young, Cox, St. Vanant and Boussinesq have made valuable studies 
in the field of dynamic loading. In recent years Timoshenko, 
Karman, Taylor, Duwez, Wood, Lee, and Malvern have contributed 
extensively to this area. 
In 1952, Johnson (4) made a series of tests with aluminum in 
which a rod was accelerated to different velocities and stopped by 
an anvil in the form of a long rod of tobin-bronze. The anvil was 
sufficiently long to permit the stress in the aluminum rod to 
propagate from the struck end to the free end and return before 
stress wave in the anvil rod returned from its fixed end. By 
measuring the plastic strain distribution in the aluminum rod after 
impact, impact velocity, and the stress produced in the anvil rod 
by the impact; it was possible to 'establish a stress-strain relation. 
From the values of maximum plastic strain and stress acting on 
the rod, a stress- strain relation was developed; and from graph of 
stress versus impact velocity, another stress-strain relation was 
obtainedo These two relations were not markedly different~ but it 
was observed that the stress-strain curve in static tests was lower 
than those 1neasured from impact loading. 
4 
Campbell (5 ) in a simila;# but an independent, investigation to 
that of Johnson (4), confirmed Johnson 1 s findings that measured 
stress and strain for aluminum are higher under dynamic conditions 
than under. static conditions. 
In 1962, DiGiolia (6) performed some tests on several selected 
aluminun'l alloys under stress-rates of 4xl05 psi per sec. to 
l9xl0 6 psi per sec. After experimentation, the author concluded 
that for each material tested there was not only an increase in 
yield strength but also an increase in ultimate strength, ductility 
and toughness with increasing stress rate. The maximum increases 
in yield strength, ultimate strength, ductility and toughness were 
307, 40, 25 and 79 percent respectively •. 
Rinehart (7 ) states that an increase in the rate of deformation 
will raise yield strength, ultimate strength and the entire stress 
level of the flow curve for most metals. 
Sternglas s (S) carried out an investigation on cold rolled copper 
strips. The impact pulse was obtained by a hammer striking a 
specimen from different heights. To determine the dynamic 
value of Poisson's ratio, two sets of SR-4, type C-8, strain gages 
were cemented on the strip -- one set longitudinal and one transverse. 
Tension pulses of varying widths,at the base of the pulse"'and ampli-
tudes were generated by varying the mass of the striking hammer. 
The ratio of the signal from the transverse gages to that from the 
longitudinal gages gave value of Poisson's ratio directly. The 
author's conclusion from the experiment was that Poisson's ratio 
appears to increase with increasing pulse width. 
Turnbow (3) presented some data, in 1959, after conducting 
some tests on alurninum and copper. The impact was obtained 
5 
by free falling mass. The author concluded, with some reservations, 
that the dynamic modulus of elasticity of aluminum and copper 
appears to decrease with an increase in strain rate. 
Goldsmith (9) mentions that the elastic properties of metals --
the modulus of elasticity and Poisson's ratio -- appear to be quite 
insensitive to changes in strain rate and are onlymoderately 
affected by temperature variations. 
In 1950, Clark (10} presented some data on three different 
steels that had been subjected to strain rates up to 200 in. per in. 
per sec. After the evaluation of the data, the author concluded 
that the proportional limit for all materials tested increases to a 
value corresponding to the ultimate strength at a strain rate of 
between 40 and 80 in. per in. per sec. and the ultimate strength 
increases with increasing strain up to a rate of about I 00 in. per in. 
per sec. and then is not affected. 
6 
An investigation carried out by Gaza ~ 11 } revealed that the effect: 
of impurities or undesirable residual elements on the impact proper-
ties of 4340 steel becomes more obvious by comparison of vacuum 
melted steel with air rnelted steel. The effect is more pronounced 
for transverse properties than for longitudinal properties. 
In 1955, Watstein (12) presented some data on concrete subjected 
to impact loading. In the experiments, he obtained stress rates up 
to 108 psi per sec. by a drop hammer. The conclusions of his 
investigation were: 
I. The compressive strength of concrete increased with the rate 
of application of load. The average ratio of the dynamic to static 
compressive strength, at the highest rate of loading, was 1. 84. 
2. For the range of lo.ading rates up to 2xl0 7 psi per sec. the 
values of dynamic secant modulus of elasticity were 12 percent to 
47 percent greater than those of the static modulus of elasticity. 
Cowell (I) conducted some dynamic tests on concrete and his 
findings showed an increase in values for mechanical properties 
over the static values as the rate of loading increased. The 
mechanical properties measured were compressive strength, 
modulus of elasticity and Poisson's ratio. 
2. The Drop Test Machines 
Spath (l 3 ) in his book describes a drop test machine as the one 
in which impact is produced by dropping weight on the specimen 
from different heights. A drop machine constructed at the former 
Materials Testing Institute in Dehlem, Berline had a 2, 200 pound 
hammer which fell more than 30 feet. Charpy, using a factory 
chimney to fix his guide rails, attained dropping heights of 154 
feet. This method is a standard in Sweden. 
3. The Strain Gages 
7 
Dove and Adams ( 14) indicated in their book that bonded resistance 
gages are probably used more in shock and impact studies than any 
other type of transducer. This is true not only because magnitudes 
of strain produced in these environments are important, but also 
because the bonded resistance gage, with its small volume and low 
mass, is ideally suited for use in these environments. 
The Authors also discuss the question of 'Dynamic Gage Factor' 
of the strain gages. Since it has been found previously that dynamic 
properties of materials vary from static properties of materials, 
the question rpight arise whether or not 'Static Gage Factor' can be 
used to evaluate data obtained under dynamic and impact loading 
without introducing any great errors. The explanation given by the 
.authors is that by experiments it has been proved that 'Dynamic· 
Gage Factor' differed by less than 5 percent in the frequency range 
of 2, 000 cps to 20, 000 cps. 
4. The Magnetic Tape Recorders 
Dove and Adams (14) discuss the inherent advantages of using 
magnetic tape recorders to record transient strains. Some of the 
main advantages are as follows: 
8 
a) Magnetic tape recorders have a very wide range of frequency 
response. At present they are used to record strain signals from 
DC (zero cps) up to 20, 000 cps. 
b) Magnetic tape recorders have a very wide dynamic range. 
Dynamic range is the ratio of the maximum signal which can be 
recorded without distortion to the minimum signal which can be re-
corded and read at the same system gain. 
c) Magnetic tape records are easy to store and the tape can be 
erased and reused. 
d) Magnetic tape records preserve the signal information in 
electrical form and can be played directly into a computer for 
analysis of the information. This eliminates human errors which 
are involved in visual readings. 
e) The gain used to display various portions of the records can 
be varied after the test is completed. 
f) The time base can be altered. This is very useful since it 
allows records of a high frequency strain signal to be displayed 
on an oscillograph with a lower frequency limitation. Consider 
taping a 6, 000 cps signal with a tape speed of 60 in. per sec. If 
this tape is rerun at O. 6 in. per sec., the output signal will be 
60 cps and can be recorded on an oscillograph with a 60 cps upper 
frequency limit. 
9 
The principal disadvantage of the tape recorder appears to be its 
high cost -- particularly when it is realized that the tape recorder is 
an intermediate link between the instrumentation and the final data 
presentation. 
D. Theory of Stress Waves in Brief 
When a body is subjected to a rapidly applied force, the effects 
of this force are distributed in the body through the medium of stress 
waves. A stress wave can be defined as a region of stress which 
travels outwardly from the point at which it was generated. 
In front of the elastic wave, the body is in its normal state. 
Within the region of the stress wave the body is subjected to a stre.ss 
depending upon the amplitude of the stress wave, and behind the 
stress wave, the body is returned to its previous stress level. 
A compressive stress wave moving toward a fixed end of a 
fixed-ended rod is reflected, on reaching that end, as a compression 
wave equal in magnitude to the incident wave. At the fixed end, where 
the reflected compression wave meets the incident wave, the stress is 
doubled and the particle velocity is zero. 
If the compression wave is reflected from a free end of a rod, 
the reflected wave is a tension wave and has the same magnitude as 
the incident wave. At the free boundary, the incident wave meets 
the reflected wave and the stress is zero. 
The equations of motion of an isotropic elastic solid in terms of 
the particle displacements u, v, and w which are in the X 6 Y and 
Z directions respectively are 
sz (A + 4 ) f~ D\72U ~ ___y :::: + J t~ 
) d2V (A+ u) f~ 2 s t2. :::: + lJ..VV 
2.. ~ X2w (A.·+ 11) ~~ 6"' t a == +- )...{\!W eft 
where 
~ = Density of the <solid 
6= ~u + sv + ~ sx 1s't ~£ 
b.:: Change in volume of a unit cube called dilatation 
A and )..{ are Lanl.e' constants and areequal to 
"l = k _:_2 )...{ 
./\. ' 3 
)..).. = Shear modulus 
k = Bulk modulus 
Called Laplace's Operator 
The solution of the above equations for an extended medium 
corresponds to two types of waves called dilatational waves which 
travel with velocity 
~e. 
c 1 :: [ ( ~ . + 2 AJ. )j <? J and dis-
tortional waves which travel with velocity I 1/z C2 = (-»- f ) 
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The particle motion in the former is longitudinal. i.e. along the 
direction of propagation> while particle motion in the latter is 
transverse, i.e. perpendicular to the direction of propagation. 
11 
II. EXPERIMENTAL PROGRAM 
A. Design of Test Apparatus 
1. Drop Hammer: 
12 
A drop hammer, with variable heights of drop up to 18 ft., was 
designed to apply an impact load. The basic hammer weighed 107 
lbs. Cables, tensioned vertically, were used to guide the hammer 
in a free fall. The ha1nmer was connected to the guides by a 4. 5 in. 
long tube with brass bushings on each end. This ·4. 5 in. long tube 
assured a vertical free fall of the hammer and thus eliminated 
twisting and turning of the hammer. By heavily lubricating these 
guides, minimum friction was obtained. Figure 2 shows the hammer. 
2. Load Frame: 
A load frame was designed to contain the aluminum specimen 
and load cell so that a uniform axial load could be applied to the 
specimen. The load frame, shown in Figures 1 and 2, consists of 
four 1 in. diameter rods screwed on 12 in. centers to a I. 25 in. 
thick steel base plate 25 in. square. The rods were threaded at 
the top so that the floating head could be held flush against the test 
specimen with four nuts. The floating head was made of 0. 75 in. 
thick steel plate 13.5 in. square with additional9.5 in. square by 
I. 25 in. thick steel plate welded to its center. This latter plate had 
2 in. diameter hardened steel ball welded at its center to serve as 
the striking surface and to assure a central load. Four 0. 875 in. 




A. Floating Head 
B. Threaded Rods 
C. Steel Cap 
D. Base Plate 
Figure: l Loading Frame 
r------'*"' ~~~--·-IW·~~---•rn-•.~--·----·---·--m--------------------"'1 
A. HanJ.mer Release 
B. Hammer 
c. Rebound Catch Assembly 
D. Load Fram.e 
E. Specimen 
F. Load Cell 
Figure: 2 Photograph of the Impact Tests Set Up 
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could be slipped freely over 30 in. vertical rods~ The vertical rods 
were undercut where the floating head was positioned. Also four 
strong flat ended springs were mounted between the nuts and the 
floating head. This eliminated any possibility of binding between 
the rods and the floating head. 
3. Load Cell: 
A load cell shown in Figure 2 was used to measure the force in 
the specimens in the impact tests. The load cell, 200,000 lbs. 
capacity, is a commercial load cell manufactured by BLH Electronics. 
4. Rebound Catch Assembly: 
A rebound catch assembly shown in Figures 2 and 3, was designed 
to catch the hammer on rebound after striking the floating head. 
The assembly had a spring-loaded pin, mounted as shown in 
Figure 3, which was compressed and held in position by a trigger. 
The pas sing hammer struck the trigger which in turn released the 
spring-loaded pin. The pin then sprang out and hit the hammer sur-
face and remained in contact until the hammer rebounded. The pin 
slipped underneath the hammer as it rebounded from the load frame 
and prevented it from falling back for a second impact of the specimen. 
5. Hammer Release: 
To drop the hammer for a perfect impact, it was necessary to 
release the hammer without giving it any jerk. For this reason a 


















combination of an electromagnet and methanically collapsible dogs 
was used. This arrangement is shown in Figure 4. 
The assembly had an a. c. operated electromagnet which when 
activated pulled the pin from the collapsible dogs which were holding 
the hammer. As soon as the dogs were collapsed, the hammer was 
free to drop. This mechanism worked exceptionally well. 
B. Preliminary Tests of Drop Hammer Apparatus 
Tests were run with the drop hammer apparatus to check out 
the equipment before the main tests were conducted. 
The rebound catch assemb!y was tested to insure proper operation. 
The assembly worked well in catching the hammer on rebound. 
Tests were made to determine the velocity at impact and to com-
pare this measured velocity with the theoretical free-fall velocity. 
To measure the velocity of the hammer at impact an electrical circuit, 
l 
shown in Figure 5, was set up with two electrical contact points which 
closed the circuit, one after another, as the hammer passed. Two 
67.5 volts D. C. batteries and a I. 6 megacycle counter -- model 456 
by Potter Instrument Company, Inc., -- were used. As the circuit 
was closed, the counter started counting with the accuracy of 
0. 625xl 0- 6 sec., and as the circuit was closed again, it stopped 
counting. These two contacts were separated by 0. 180 in. This 
distance was maintained at all times. The contacts were mounted 
very .near to the point of impact. 
18 
A. Electromagnet 
B. Collapsible Dogs 
Figure: 4 Hammer Release 
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Vertical Distance Between SW 1 & SW 2 Was Maintained 0. 180 in. 
i 
; 
Figure: 5 Schematic Circuit Diagram For a Velocity Check 
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Knowing the time lapse for the hammer to pass from the first 
switch to the second switch, the average velocity of the hammer was 
obtained over the last 0.180 in. before impact. The measured 
velocity was compared with the velocity of the hammer obtained 
from the equation governing a freely-falling body. 
The results showed that the measured velocity at the impact was 
very close to the theoretical free-fall velocity. It was concluded 
that the error introduced was because of the difficulty in maintaining 
the distance between the two electrical contacts. However, the error 
was small and the velocity calculated from the free-fall equation was 
used in all further tests. This also indicated that the effect of 
friction between the guide wires and the hammer was not of any con-
siderable amount. The results are listed in Table I. 
C. Preparation of the Specimen 
An aluminum alloy 20 14-T6 specimen of size 12 in. by 4. 438 in. 
by 3. 850 in. was used for the tests. Each side was made true relative 
to other sides by necessary machining. 
After preparing two opposite surfaces, four A-7 strain gages 
were installed with Duco cement and temperature cured. On each 
of these two sides were two strain gages. One was to measure trans-
verse strain and the other was to measure longitudinal strain. The 
strain gages were centered 4 in. from top and 1 in. from centerline 
of the width of the specimen. 
After the installing and the temperature curing of the strain 
gages were done, two Wheatstone bridges were constructed. One 
Wheatstone bridge contained two active longitudinal strain gages in 
series to make one arm of the bridge. The other three arms were 
made by introducing three dummy resistors. The resistance value 
Zl 
of each was 240 ohms. The gage factor of the strain gages was 1. 96. 
By connecting two active strain gages, mounted on opposite sides of 
the specimen, in series, the bending effect was cancelled. Similarly, 
another bridge was constructed to measure the transverse strain. 
The photograph of the specimen can be seen in Figure 6. 
D. Instrumentation for Recording Tests 
I. Static Tests 
To record static strain readings, Budd portable strain indicator 
Unit P-350 and Budd switching and balancing Unit SB-1 were used 
with a full bridge. The transverse bridge was connected to the first 
channel and the longitudinal bridge was connected to the second 
channel on the Budd switching and balancing unit, and both bridges 
were balanced individually. 
The load was applied to the specimen by a 300,000 lbs. hydraulic 
press manufactured by Riehle. 
The set up can be seen in Figure 7. 
A. Transverse Strain Gage 
B. Longitudinal Strain Gage 
C. Dummy Resistors 
Figure: 6 Photograph of the Specimen 
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A. Budd Strain Indicator 
B. Budd Switch and Balance Unit 
C. Specimen 
D. Hydraulic Testing Machine 
Figure: 7 Photograph of the Static Tests Set Up 
2. Impact Tests 
a. Tape Recorders 
Two audio type direct recording magnetic tape recorders were 
used to check out the pas sibility of using this type of tape recorders 
to record the transient strains. One was manufactured by Ampex 
Corporation, Model Number 601-2. The second tape recorder 
24 
used was manufactured by Roberts Electronics, Model Number 770. 
Frequency response of the Ampex 601-2 was 40 cps to 15,000 
cps at 7. 5 ips tape speed. Frequency response of the Roberts 770 
was 40 cps to 22, 000 cps at 7. 5 ips of tape speed. These frequency 
responses were checked in the laboratory by recording standard 
sinusoidal signals generated by an audio generator. This recording 
was then played back on the oscilloscope and compared with the 
standard signal from the audio generator. Any distortion, loss, 
and stability was noted. This was repeated at different frequencies, 
different gain settings on the tape recorder, and for different voltage 
levels. After making necessary adjustments, both tape recorders 
were found to be within their specifications. 
Also, with the available frequency generator, triangular and 
square waves were recorded and played back to check the ability of 
the tape recorders to record these types of signals. The maximum 
frequency of 2, 000 cps was available. After playing back and compar-
ing with the standard signals, it was observed that the recorded 
signals were distorted to some extent for low frequency triangular 
25 
waves and to quite an extent for high frequency triangular waves and 
square waves. Also, the triangular and square waves were found to 
be unstable compared to sinusoidal waves. 
It was concluded that triangular and square waves could not be 
recorded very efficiently on these tape recorders. There was some 
doubt raised if it would be possible to record transient strain signals 
produced under an impact, which were expected to be of high frequency 
and nearly triangular in the shape. 
b. Oscilloscope 
The dual trace oscilloscope. type 1120, used in this investigation 
was manufactured by Analab Instrument Corporation. 
The oscilloscope was set to be triggered internally, at a preset 
level, by the longitudinal strain signal. This signal was amplified by 
a D. C. amplifier before coming to the scope and the signal which 
went to the triggering circuit of the scope was reamplified by the 
trigger amplifier of the oscilloscope. This increased the sensitivity 
of the scope by bringing down the triggering level. 
The scope was used in the chopping mode since it was necessary 
to record both signals at the same time. It was set for armed single 
sweep with the sweeping time of lxl0- 3 sec. per full scale. The 
voltage levels for both channels were set at l volt per full scale. 
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c. Camera 
A Polaroid Land Camera along with a mounting adapter was used 
to photograph the strain signals from the oscilloscope. The camera 
was loaded with Type 47 I speed 3, 000 film and was set for time 
exposure with a lens opening of f/2. 8. 
d. Oscillograph 
A Honeywell Model 906-1 Viscorder oscillograph was used to 
record the load signal from the load cell. A Honeywell galvanometer, 
series M-8, 000, was used which had a flat frequency response up to 
4, 800 cps. The oscillograph was operated at the speed of 50 in. per 
sec. The oscillograph used standard light-sensitive paper. 
e. Amplifiers and Gage Control Units 
The Accudata 104 D. C. amplifiers, Gage control units No. 902641, 
Gage power module No. 902640, and rack adapter No. 902634-002 
made by Honeywell were used in this investigation. 
The gage power module converted 117 volts, 60 cycles power 
from the line supply, into regulated 12 volts D. C. to provide excitation 
voltage for the gage control units. 
The gage control units provided three functions: balancing the 
Wheatstone bridge when no strain was present in the strain gages, 
calibrating signals for referencing recorded data, and controlling 
of the excitation voltage applied to the bridge. 
The D. C. amplifier amplified the signal obtained because of the 
unbalance of the bridge when the specimen was loaded. The signal 
can be amplified from 10 times up to 250 times. The frequency 
response of the amplifier was ! I% de to 10 KC, up to full scale 
output with phase shift of less than 10 degrees. 
The amplifie:J;: units, gage control units, and gage power unit 
were mounted on the rack adapter. The rack adapter was wired so 
that after properly connecting a bridge to the gage control unit, the 
output for tape recorder and oscilloscope could be taken directly 
from the female connectors mounted on the front panel. The 
output for the galvanometer was obtained by connecting the proper 
pins in the back of the amplifiers to the oscillograph. The photo-
graph of the whole assembly is shown in Figure 8. 
E. Calibration of the Instruments 
The calibration of the load cell was necessary so that a loading 
signal produced from an impact can be converted to an equivalent 
static load. This was accomplished by loading the load cell with 
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the Riehle hydraulic press and recording the deflection of the 
galvanometer after the signal was amplified by a known amplification. 
Then by plotting the deflection of the galvanometer at a given amplifi-






D. Gage Balancing and Amplifying Units 
Figure: 8 Photograph of the Recording tns:ftuments for 
the Impact Tests 
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The calibration for reading equivalent strain off the photographs 
consisted of introducing apparent change in the strain gages mounted 
on the specimen. This apparent change in the strain gages was 
obtained by introducing a calibration resistor in parallel with an 
arm of the Wheatstone bridge. This apparent change in the resistance 
of the strain gages unbalanced the bridge causing the trace on the 
scope to move from its initial position. This deflection was recorded 
and was related to the equivalent strain. Knowing the calibrator 
resistor, gage factor of the strain gages, and the arm resistance of 
the bridge, equivalent strain was calculated as follows: 
Calibration Resistor R cal. = 357, 000 ohms 
Arm Resistance R 240 ohms 
Gage Factor of the strain gages F I. 96 
Equivalent Resistance when Real. and R are in parailel 
Real. x R 
Req.= R 1 + R ca • 
357,000 X 240 
357, 000 + 240 
239. 8387 ohms 
Apparent change in Resistance 
6R . = R - Req. 
= 240.0000 - 239.8387 
0.1613 ohms 
Equivalent strain 
E: = ~R RxF 
o. 1613 
240 X 1. 96 
( = 343 X 10-6 
F. Main Test Program 




After the strain gages were mounted and two Wheatstone bridges 
(one for longitudinal and one for transverse strains} were constructed, 
the specimen was placed in the Riehle hydraulic press. Both bridges 
were connected to the Budd strain indicator through the Budd strain 
switch and balance unit. At zero load both bridges were balanced 
to read zero strain on the strain indicator. 
With everything ready, the Riehle press was started and the 
load was applied at a very slow rate. At the predetermined intervals, 
longitudinal and transverse strains were recorded against the load 
read off the dial on the press. The recorded data is produced in 
Table II. 
This was repeated after the specimen had undergone impact tests. 
The recorded data is produced in Table III. 
Static tests set up is shown in Figure 7. 
2. Impact Tests 
Once the static tests were completed the specimen was mounted 
in the load frame. The bridges were connected to the gage control 
units which i1;1 turn were connected to the D. C. amplifiers. The 
bridges were balanced at no load. 
Amplified longitudinal and transverse strain signals were fed 
into the magnetic tape recorders and attempts were made to record 
them. The attempts were not very successful because the magnetic 
tape recorders proved unable to record the signals. 
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The longitudinal and transverse strain signals, after amplifying, 
were channeled to the oscilloscope and the amplified load signal was 
displayed on the oscillograph. 
When the bridges balanced, the screen on the oscilloscope was 
illuminated and the initial positions of both traces and the grid 
lines were photographed. Then the calibration resistances were 
connected in para!lel with the corresponding arms of the bridges and 
these deflected the traces on the oscilloscope which once again were 
photographed. 
Also, the height of the hammer was adjusted to the desired 
distance. 
With everything set, the oscilloscope was armed, the camera 
shutter was opened, the oscillograph was started and the hammer 
was released. After the impact, the shutter on the camera was 
closed and the oscillograph was stopped. 
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As soon as the hammer struck the floating head, an impact was 
produced, giving rise to a longitudinal and a transverse strain signal 
from the strain gages. These strain signals were amplified and 
photographed as they were displayed on the oscilloscope screen. 
The effect of impact was realized by the load cell giving a loading 
signal which, after amplifying, was recorded on the oscillograph. 
This was repeated at different heights. Later, some of the 
readings were repeated to check the reproducibility of the data. 
The results are discussed later. 
The schematic of the impact data recording is shown tn 
Figure 9. 
G. Reduction of Data 
In the impact tests the longitudinal and the transverse strains 
were recorded on the photographs. The record of a photograph is 
shown in Figure 10. The load signal from the load cell was 
recorded on the light sensitive paper. The record is reproduced 
in Figure 10. 
As can be seen in Figure 10, both longitudinal and transverse 
-3 
strains reach the peaks after about O. 40x1 0 sec. These peaks 
-3 
then level off for about 0. 20x10 sec. and after that the strains 
start decreasing. 
From the photograph the longitudinal peak strain and the trans-
verse peak strain were calculated and recorded. 
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Figure: 9 Schematic Circuit Of The Impact Tests Recording 
to-----r xl 0-3 sec. ------r~ 
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Reproduction Of A Photograph Of Long. And Trans. Strains 
L - Longitudinal Strain Signal 
T - Transverse Strain Signal 
CAL. L - Calibration Line For Long. Strain 
CAL. T - Calibration Line For Trans. Strain 
et - Maximum Longitudinal Strain 
e 1 - Maximum Transverse Strain 
J 
1 
Reproduction Of A Load Signal 
- Maximum Load 
Figure: 10 Reproduction Of The Impact Data 
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The load signal produced deflection of the galvanometer which 
was recorded on the light sensitive paper. From the calibration 
chart1 the corresponding static load was found and recorded. 
The recorded data is presented in the Table IV. 
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III. DISCUSSION OF RESULTS 
A. General 
In this chapter calculated data is presented and the re·sults are 
discussed for the effect of an impact on the n~odulus of elasticity 
and the Poisson's ratio of the aluminum. 
As far as the author knows, there are no standard or adequate 
definitions for the modulus of elasticity and Poisson's ratio for 
ductile metals under impact loading. In this investigation, the 
modulus of elasticity under an impact is defined as the ratio of the 
peak stress over the peak longitudinal strain. And the Poisson's 
ratio under an impact is defined as the peak transverse strain over 
the peak longitudinal strain. Both peaks occur at the same time. 
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The main reason for defining the above properties in such a 
manner is this: under an impact the critical behavior of any 
material is expected to occur at the peak load. So, for all practical 
purposesj if the mechanical properties are defined at the peak load 
and these values are used in the design of a structure under an 
impact, then there will be little chance of a failure for this design 
mode. 
As in many other investigations of the same nature!, and in this 
investigation also it was found that there is some scatter of data. 
Under these circumstances the best results are obtained by using a 
least square method for finding the best curve available through 
those points. A computer program was prepared for a least square 
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computations and also a subroutine was written for the plotter. The 
program is presented in Appendix B. It is written in FORTRAN IV 
language and was run on IBM/360, Model 50, computer. IBM Calcomp 
566 plotter was used to plot the curves. 
There is one point in Table IV that should be made clear~ In the 
stress column there are three subcolumns: L.S. I, Observed, 
and L. S. 2. 
Stress L. S. 1 corresponds to the one obtaine9. by the least square 
plot of load vs. weight of drop. The load at a known height is divided 
by the eros s section area to get the stress L. S. 1. 
Stress L. S. 2 refers to the one obtained by the least square plot 
of stress -strain relation. 
Although L. S. 1 also gives good approximations, stress L. S. Z 
seems to agree more with the observed stress in most cases. Con-
sidering the nature of loading, stresses L.·S. 1, Observed, and 
L. S. 2, agree very frequently. 
B. Strain Gages 
In this investigation -BLH, paperbacked, wire resistance type 
A-7 strain gages with one quarter inch gage length were used. Duco 
cement was used to install these gages. 
The gages performed satisfactorily during the tests. But, it 
was found that when the impact tests were run and then the specimen 
was to sit over a period of time, the gages lost their perfect bonding 
and would slip under a load. This was more or less blamed on the 
cement rather than the gages, because even though the bonding was 
lost, the gages were not broken or shorted. 
An exact explanation of why this bonding is lost is not available. 
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It is suggested by Dove and Adams· (l 4 ) that for this type of applica-
tion epoxy based gages bonded with temperature curing epoxy cement 
would prove more effective. Also, if the foil type gages are used 
instead of the wire type gages, the results would be more accurate. 
The foil gages are flatter and will have better contact than the wire 
gages. 
C. Magnetic Tape Recorder as a Recording Instrument 
As mentioned before, the attempts to record the strain signals 
on the audio tape recorders proved unsuccessful. This can be 
explained as following: 
An audio tape recorder is designed to record speech and music. 
So, the characteristics of the record and reproduce amplifiers are 
modified to conform to the particular characteristics of speech and 
music type signals •. It has been established that the energy content 
in speech and music signals is not uniformly distributed over the 
range of signal frequencies. For this reason, pre-equalization 
circuits are incorporated in the record amplifier which pre-
emphasize some portions of the frequency spectrum. These are 
the frequencies at which the energy content of audio signals is low. 
By raising their level, it is possible to approach a constant flux 
recording situation on the tape at all frequencies. In this way, 
benefits in signal to noise ratio can be achieved without sacrifice 
in distortion. The inverse frequency-response characteristic is 
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introduced in the reproduce amplifier, in the form of post-equaliza-
tion, to counteract the effect of the pre-equalization and produce a 
final output signal which is a replica of the original input signal. 
When attempts were made to record transient signals due to 
an impact, they lacked the peculiar spectral energy distribution 
characteristics of speech or music. The result was that the pre-
emphasis in the record amplifier caused serious distortion of the 
signal. This distortion can be overcome by reducing the recording 
level by a considerable amount but it will result in deterioration of 
the signal to noise ratio of the recording. 
It is suggested by Weber (IS) that FM recording process can 
be used for the recording of transient phenomena such as shock, 
blast, and ignition where accuracy of wave shape is important. 
Short transients having rise time as short as 60 microseconds can 
be resolved with this process. Also with this process, changes in 
time base permitting a speed-up or a slow-down of a given event 
can be achieved. This allows the frequency components of a given 
signal to be scaled up or down by large factors, up to 1, 000 times 
or more. 
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D. Static Tests 
Static tests were run on the specimen before and after the impact 
tests. From the data observed the following curves were plotted 
with the use of least square method: 
Stress versus longitudinal strain before and after the impact 
tests, shown in Ftgures 11 and 16 respectively; transverse strain 
versus longitudinal strain before and after the impact tests, shown 
in Figures 12 and 17 respectively. 
The values of static modulus of elasticity were found to be 
10. 975x106 psi before and 10. 799xi0 6 psi after the impact tests. 
The values of Poisson's ratio were found to be 0.346 before and 
0. 330 after the impact tests. 
There were two reasons for performing static tests before and 
after the impact tests. First, to show that there was no permanent 
deformation or work hardening effect on the specimen due to the 
impact tests. Second, to check that the strain gages were in good 
shape so that the readings obtained during the impact tests could 
be relied upon. 
As can be seen from the results of the before and after static 
tests, there was no considerable change in the values of modulus 
of elasticity or Poisson's ratio. This clearly showed that there 
was no considerable amount of work hardening during the impact 
tests if any at all. It also proved that the strain gages were in good 
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2 + Least Square Data 
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Figure: 11 Stress-Strain Relation Under Static Tests (Before) 
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Figure: 12 Trans. Strain Vs. Long. Strain Under Static Tests (Before) 
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Figure: 13 Stress-Strain Relation Under Impact 
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Figure: 14 · Trans. Strain Vs. Long. Strain Under Impact 
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(1) Static Test (Before) 
(2} Impact Test 
(3) Static Test (After) 
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(I) Static Test (Before) 
(2) Impact Test 
(3) Static Test (After) 
0 200 400 600 800 !,000 1,200 1~400 1,600 
I 00 300 500 700 900 1,100 1,300 1~500 1,700 
LONGITUDINAL STRAIN (uin. /in.) 
Figure: 19 Comparison Of Trans. Strain Vs. Long. Strain 
Of The Three Tests 
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E. Effect of an Impact on the Modulus of Elasticity 
As mentioned before the modulus of elasticity under an impact is 
defined as the ratio of the peak stress over the peak strain. The 
data obtained for the impact tests shows a band of scatter when 
stress-strain plot is drawn. For this reason, a plot by the least 
square method is obtained, shown ··in Figure 13. Slope of this line 
will give the best value for the modulus of elasticity under impact. 
The value of the slope was found to be 10. 627xl06 psi. Com-
paring this value with the values obtained under static loading, which 
were 10. 975x.10 6 psi (Before) and 10. 799xro 6 psi (After}, it can be 
observed that there is no considerable change in the value of the 
modulus of elasticity. 
Turnbow (3 ) conducted some tests on both aluminum and copper 
and concluded, 
"The modulus of elasticity of both copper and aluminum 
appears to decrease with an increase in strain rate. This 
conclusion can be presented with reservations until further 
experimental evidence can be obtained. 11 
The results of this investigation appears to agree with above 
conclusion. In general, it can be said that under an impa<;t, the 
rate of loading increases and material tends to become stiffer. 
However, it might be possible that if the rate of stress becomes 
high enough, the modulus of elasticity maY: reach a maximum value, 
where it will either remain constant or decrease. 
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F. Effect of an Impact on the Poisson's Ratio 
Figure 14 shows a Least square plot of transverse strain versus 
longitudinal strain. The Poisson's ratio under impact is obtained 
by taking slope of the curve. 
The value of the slope was found to be 0. 438. The values of 
Poisson's ratio under static conditions were found to be 0. 346 
(Before) and 0. 330 (After). 
These results show a considerable increase in the value of 
Poisson's ratio from static to impact conditions. 
The theoretical explanation of this phenomena is not very clear 
but, in general, it can be explained as follows: 
The specimen is mounted in the load frame in such a way that 
both ends are fixed. Whe:n loaded with an impact the specimen 
obtains longitudinal inertia as well as lateral inertia. The 
longitudinal inertia energy is dispersed in. the neighboring structures 
because of its directional property. But, the lateral inertia energy 
has to be absorbed by the specimen. This lateral inertia energy 
causes excess straining in the lateral direction. 
Cowell (1) conducted some investigation on medium and high 
strength of concrete, and concluded that concrete exhibited increase 
( 
in value of Poisson's ratio from its static value as the rate of 
loading increased. 
G. Relationship of the Height of Drop of the Hammer and 
Equivalent Static Load 
Load versus height drop is plotte?- in Figure 15. A second 
degree curve is obtained by using the least square method. 
When the hammer is dropped from a known height, loading 
available on the specimen depends on many factors. Such as the 
velocity of the hammer, percentage of available energy absorbed 
by the specimen, percentage of available energy absorbed by the 
hammer, percentage of available energy absorbed by the load 
frame and may ,be many more. Except the velocity, other factors 
are not determined within the scope of this investigation and 
therefore exact relationship can not be evaluated, although the 
second degree curve obtained in Figure 15 gives very good 




The conclusions listed below are drawn from results of tests 
of specimen as outlined in the body of this report. These conclusions 
are based on, and are therefore limited to, those tests and material. 
I. The use of an audio-type magnetic tape recorder as a recording 
instrument for transient strain signals is not recommended. 
2. The value of modulus of elasticity, under impact. does not 
appear to change from the value under static loading. 
3. The value of Poisson 1 s ratio appears to increase considerably 
under impact. 
4. Repeated impact does not seem to workharden the specimen to 
a great extent. 
5. Second-degree relation between the load and height of drop gives 
good approximations for predicting a load from a known height. 
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TABLE II 
-
DATA FOR THE STATIC TESTS (BEFORE) 
. 
- = -- --· --· -- -
--·-
- -· 
LONGITUDI- STRESS TRANSVERSE STRAIN 
NAL STRAIN {PSI) (uin. /in.) 
{uin. /in.) 
OBSERVED L.S.* OBSERVED L.S.* 
0 0 
-42 0 1 
27 293 254 8 10 
64 586 660 22 23 
(--
82 878 857 29 29 
-
117 I~ 172 1,242 41 41 
;---· -
136 1,465 1,450 46 48 
171 1,760 1,835 57 60 
192 2,050 2,065 67 67 
218 2, 345 2,350 74 76 
-
-
251 2,640 2,712 87 88 
270 2,930 ·2,921 93 94 
3,225 3,316 106 107 306 
.,.. 
---
>:-: By Least Square Method 




TABLE II (cont.) 
DATA FOR THE STATIC TESTS (BEFORE) 
LONGITUD 
- STRESS TRANSVERSE STRAIN 
NAL STRAil\ (PSI) (uin. I in.} 
(uin~ /in.) 
OBSERVED L.S.* OBSERVED L. S. * 
320 3, 520 3,470 112 112 
380 4, 100 4, 128 134 132 
426 4,690 4,633 149 148 
488 5, 280 5,314 172 170 
5 32 5,860 5,797 190 185 
646 7,040 7,048 228 224 
809 8, 790 8,837 285 281 
962 10,560 10,516 338 334 
1' 134 12,300 12,404 393 393 
1,286 14,080 14,072 444 446 
j 
1, 450 15,840 15,872 501 503 
1,604 17,600 17,562 551 556 
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LONGITUDI- STRESS TRANSVERSE STRAIN 
NAL STRAIN (PSI) (uin. /in.) 
(uin. /in.) 
OBSERVED L •. s. * OBSERVED L.S.* 
0 0 -276 0 -2 
31 293 59 12 8 
61 586 383 20 18 
102 878 826 30 32 
134 1, 172 1,172 44 42 
162 1, 465 1, 473 53 51 
191 1,760 1,787 64 61 
-· 
220 2,065 2, 100 72 71 
-
247 2,345 2, 391 80 78 
276 2, 640 2,704 88 89 
-· 
--
304 2,930 3,007 97 98 
333 3, 225· 3,320 107 108 
>:< By Least Square Method 
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;;.,......"~.......r:....,n·~•~~""""..__..,,,,..,,~....,.~.;A~t.."""1!S.~""""''~~~~,.....-'!\I.~,_..D-~I!:"-.. ,."'".o::.....,....~~ •. ~,....~~ .. ._ut..;:•-"~~'""'-....-..,.~;:!..-.-.,_,.-,..:.~.....,...,. ............ ,""l""='_., 
TABLE III (Cont.) 
. - -




- = -- - . - - -- =--= 
LONGITUDI- STRESS TRANSVERSE STRAIN 
NAL STRAIN (PSI) (uin./in.) 
{uin/in.) f-· 
--
OBSERVED L. S. >l< OBSERVED L.S.* 
356 3,520 3,568 116 116 
412 4, 100 4,173 133 134 
468 4,690 4,777 150 152 
I 524 5,280 5,383 168 171 
579 5,860 5,976 185 189 
-
688 7,040 7,154 222 225 
-
851 8,790 8,914 274 279 
-
1' 013 10,560 10,663 330 332 
---
1, 170 12,300 12,358 383 384 
I, 325 14,080 14,032 437 435 
--
15,840 15,706 490 486 l, 480 
--
--
1,634 17,600 17,369 542 537 
-
>l< By Least Square Method ........-~~c-"---~·-·A, .................. , ... 
~-~IGJA.~ ~~..:sa-
LOAD 
i HEIGHT (K pounds) I i 
! (ft. ) ! I ! I l I 
I !oBSERVED L. S. ~ 
t I ! 
I ! 0 I 0.0 23.3 l . ! I ! • 5 I 34.5 37.6 • 
' I I ~ 
• 
• 5 I 36,0 I 37.6 
' I ' ~ 1.0 51.5 51.0 l I I 1.0 59.0 I 51.0 I ~ ' 1.0 I 54.0 l 51.0 
J I 1.5 73.0 I 63,4 ~ 
i I I 2.0 89.0 75.0 
-:< By Least Square Method 
TABLE IV 
DATA FOR THE IMPACT TESTS 
STRESS TRANSVERSE 
(psi) NAL STRAI ~ STRAIN (uin. /in.) 
(uin. /in.) I I 
I 
1 >!c>:< L. S. 1 >'/::>'.< OBSERVED L. S. 2>!<>:<>'1: bBSERVED L. S. >:< 
l I 
I 
1,365 0 366 
2,200 2, 020 2,354 
I 2,200 2, 110 2, 205 
2,990 3,150 3,661 
I 2,990 3,450 3,364 
2,990 3, 165 3,077 
3,710 I 4,280 4, 139 
I 4,390 5.210 4,724 
*>:< By Height And Load Relation 
(See Figure 15) 
0 0 7 
187 87 ! 89 
173 91 I 82 
. I 310 128 142 
282 127 I 130 
255 128 118 
I 
355 173 I 162 
410 182 I i 186 
>:<>:<>:< By Long. Strain And Stress 

































TABLE IV (cont.) 




NAL STRAIN STRAIN {uin. /in.) ~ 
{uin. /in.) f-----1"~""_-----'~ li HEIGHT ~' (K pounds) (ft. } 
l RVED L.S. !>!<>!< L.S. 1>:<>:< OBSERVED L. S. 2>:C>:<>',< I i PBSERVED ,. L. s. >!< ~ i l I : i 
I 1
1 
~ ~~·--2~·~0~--~--7~8~·~0~-+---7~5~.0---4---4~,~3~90~-~-4~,_5_7_0 __ -4--~4~,~8~8~3--~-4~2~5~---+--~19~8~---4-~1~93~---~ ~ I j 
~~~2~·~5~--~---8~8~·~0~~--~85~.6~-4--~5~,~0_20~--~~5~,~1~5~0---4-~5~,~1~4~9---,~-4~5~0~---+'-~17~1~.--4---20~4~--~~ 
~ 1 
! 2. 5 99.0 85. 6 5 020 5,800 5. 202 455 212 206 !. ~~-~~-+---~~+-~~~~~~~~~~~~~-+~~.---r~~~~~~t
~r~3~·~o~--~---9~8~·~o~-+-~9~5~.2~-4--~5~,~5~8o~-~~5~,~7~4~o---4-~6~,~3~0~7----~~5~5~9~---+--2~17~---4--=2~52~----~ 
i 3~,.~0~---+''---~1~06~·~0~-'~~9~5~.2~-+~5~·~5~8~0---4-~6~·~2~0~0----+--~6,~1~9~0~4-~5~4~8-----~~2~2~8 ____ ~1~2~4~6-----~' !-- I I i 3. o I 95. o 95.2 s, 58o 5, 56o 5, 043 440 205 
3.5 
I 102,0 103.9 I 6, 080 5, 960 6, 307 559 217 i 3.5 
; 93.5 103.9 6, 080 s, 480 4, 883 425 198 
>:< By Least Square Method >!<>:< By Height And Load Relation 
(See Figure 15) 
*>'.<* By Long. Strain And Stress 




TABLE IV (cont.) 
DATA FOR THE IMPACT TESTS 
;; 
f l - LONciiTUDI~. 1 } LOAD STRESS TRANSVERSE i 
\ j HEIGHT (K pounds) (psi) NAL STRAI~ STRAIN (uin. /in.) (ft.) I 
I 
I (uin./in.) 
• I i 
OBSERVE9 L. S. 1** L. S. 1** OBSERVED L.S. Z>:o:<>'o< OBSERVED! L. S. ~< 
' I ~ 4.0 I 109.0 111.7 ! 
I 4.0 118.0 111.7 I 
• 
' l 4.0 96.0 111.7 
I I 4.5 i 124.0 ll8. 6 ~ I 
~ I I ~ 5.0 112.0 124.5 ; 
f. 5.0 130.0 124.5 ~ 
: I I 5.0 114.0 124.5 ~ l 
n 
I L 5.5 125.0 129.5 




I I 6,540 6,380 6,807 606 249 272 
6,540 6, 910 . I 7,391 661 250 I 296· 
. I 2'4.6. I I 6 540 5,630 6~ 180 547 243 
I 
I 6,950 7,260 7,466 668 304 299 I 
7,290 6,550 I 5,978 528 295 I 238 
7,290 7,610 7,136 637 308 286 
7,290 6,680 6,488 576 273 259 
7,590 I 7,330 7,466 668 288 299 
>.'<>:< By Height And Load Relation 
(See Figure 15) 
**•:< By Long. Strain And Stress 

















































TABLE IV (cont.) 
DATA FOR THE IMPACT TESTS 
I ILONGITUDil LOAD STRESS TRANSVERSE ! 
NAL STRAI~ STRAIN (uin./in.) HEIGHT {K pounds) (psi) 
(ft.) 
OBSERVED L.S. 1 >:<>:< L, S. 1 >:<>:( OBSERVED L. S. 2>:<>:<>!< 




6.0 l 130.0 133.5 
I 6.0 125.0 133.5 I 
6.5 125.0 136.6 
7.0 I 128.0 138. 8 
7.0 146.0 138.8 
7.0 146.0 138.8 
7.5 162.0 140.0 
I 




I 7,610 I 7,820 7, 136 637 308 I 
' 
I 
7,820 7,330 8, 125 730 I 342 I 
7,990 7,330 7,391 661 296 
I J 
8. 120 7,490 7,306- 653 342 I I 
8. 120 8,550 7,638 681= i 330 ! 
' 
I I 8, 12.0 8,550 8, 125 730 319 I 
I I 8,200 9,490 10,059 912 388 ! 
>:<* By Height And Load Relation 
(See Figure 15) 
*>!<>:< By Long. Strain And Stress 





































THE LEAST SQUARE METHOD PROGRAM 
FOR COMPUTER 
67 
C GCMRC LEAST SQUARE FITTING (POLYNOMIAL TYPE) 
DIMENSION X(200), Y(200) 
READ {1, 100)N, M 
READ (1, 200)(X(I), Y(I), I 1, N) 
CALL CHRIS(X, Y, N, M) 
100 FORMA T(2110) 
200 FORMAT (2E20. 8) 
RETURN 
END 
SUBROUTINE CHRIS(X, Y, N, M) 
DIMENSION EY(200),-X(1), Y(1), A(20), B(20), 8(20, 21), AY{ZOO) 
A{1) N 
L 2*M 
DO ll .. J 1, M 
D 0. 
DO 12 I 1, N 
12 D D X(I)**J*Y (I} 
11 B(J 1) D. 
DO 13- J 1, L 
c o. 
·DO 14 I 1, N 
14 C C X(I)**J 
13 A(J 1) -C 
K M.1 
DO 15 J 1, K 
JJ J 
DO 15 I l, K 
S(I, J) A{JJ) 
JJ JJ 1 
15 CONTINUE 
c o. 
DO 44 J 1, N 
44 C C Y(J) 
B(l) C. 
MM K 1 
DO 55 J 1, K 
55 S(J, MM) B(J) 
96 WRITE(3, 900} 
DO 87I 1,K 
87 WRITE(3, 800) (S(I, J}, J 1, MM} 
CALL CHRISA(K, S) 
WRITE(3, SOO)M . 




DO 33 I 1, N 
SUM S(1, MM} 
DO 22 J 2, K 
JJ J-1 
22 SUM SUM S(J, MM}*X(I}*.*JJ 
AY(I) SUM 
EY (I) (Y (I) -A Y (I)} >!c*2 
SUME SUME EY (I)/ D 
33 WRITE (3, 300)X(I). Y(I),AY(I),EY(I) 
WRITE (3, 600)SUME 
READ (1, 300)XMAX, XMIN, YMAX, YMIN 
C PLOT ROUTINE 
CALL PENPOS( 1SHAH RAJNIKANT', 14, 1) 
CALL NEWPLT(O. 0, 1.5., 10. 0) 
CALL ORIGIN(X(1), Y(1)) 
CALL XSCALE(XlviiN, XMAX, 6, 0) 
CALL YSCALE(Ylv1IN, YMAX, 8. 5) 
AN 17.0 
BN 18.0 
DX {XMAX-X:MIN) /AN 
DY (Y MAX- Y lviiN) IBN 
CALL XAXIS(DX) 
CALL YAXIS(DY) 
CALL XY PLT(X, A Y, N, 1, 3) 
CALL XY PLT(X, Y, N, 2, 11) 
CALL ENDPLT 
CALL LSTPLT 
300 FORMA T(4E18. 8) 
400 FORMAT{llX, lHX, 17X, lHY, 15X,4HAPPR, 14X,4HDELK} 
500 FORMAT(10X, 3HTHE, 13, lX, 37HDEGREE LEAST SQUARES COEFFICIENTS ARE) 
600 FORMAT(lOX, lOHVARIANCE , El8. 8) 
800 FORMA T(5El8. 8) 




DIMENSION A (20, 21L.X{20), LOC(20), CK(20) 
NP N 1 
DO 1 I 1, N 
1 CK(I) 0. 
DO 101 I 1, N 
-.1 
0 
IP I 1 
· AMAX 0. 
DO 2 K 1, N 
IF(AMAX-ABS(A(K, 1}))3, 2, 2 
3 IF { c K( K)} 4 I 4, 2 
4 LOC(I) K 
AMAX ABS{A(K, I)) 
2 CONTINUE 
IF(ABS(AMAX) -~. E-5)99, 99, 7 
7 L LOC(I) 
CK{L) 1. 0 
DO 50 J 1, N 
IF(L-J) 6, 50, 6 
6 F -A(J,I)/A(L,I} 
DO 40 KIP, NP 
40 A(J I K) A{J' K) F>:~A(L, K) 
50 CONTINUE 
1 0 1 CONTINUE 
DO 201 I 1, N 
L LOC{I) 
201 X(I) A(L,N 1)/A{L,I) 
DO 30 l I l, N 
A(I, NP) X(I} 
30 1 CONTINUE . 
99 CONTINUE 
RETURN 
END 
